In the present study, the toxic effects of arsenic trioxide (As 2 O 3 ) to freshwater fish C. carpio were estimated at different median lethal concentration levels and its influences on the expression of metallothionein (MT) activity in liver and kidney were also observed. During this study, LC 50 values were found to be 25.7, 27.4, 29.5, and 32 ppm for the period of 24, 48, 72, and 96 hrs respectively and LC 16 and LC 84 values of As 2 O 3 also measured. The MT activity was estimated in liver and kidney of fish treated with different concentrations of As 2 O 3 (5, 15, and 20 ppm) at different time intervals (48, 96, and 144 h) by using SDS-PAGE technique. From the results, 5 KD and 6 KD polypeptides were known to be metallothionein in liver and kidney respectively when the fishes were treated with different concentrations of As 2 O 3 . In the present investigation, As 2 O 3 induced significant expression on MT activity and it can be useful biomarker in environmental biomonitoring of arsenic contamination.
INTRODUCTION
In nature, the occurrence of arsenic and its metabolites are higher in the aquatic environment which may be washed out of arsenic bearing rocks (Edmonds and Francesconi, 1993) . From the anthropogenic activities such as treatment of agricultural land with arsenical pesticides, treating of wood using chromated copper arsenate, burning of coal and the operations of gold-mining, industries like glass, pharmacy, pigment, dyes and also used as a preservative of animal hides are responsible to increased level of arsenic in soil, minerals, surface and groundwater in the environment (Pacyna et al., 1995; Antman, 2001; Rodrıguez et al., 2003; Palaniappan and Vijayasundaram, 2008; Saxena, et al., 2009) . It makes a serious problem to aquatic ecosystem and organisms and alarming issue throughout the world (Goering et al., 1999) . In recent years, contamination of aquatic environment by arsenicals and their impacts on the aquatic organisms has now emerged as a serious environmental problem (Allen et al., 2004) . In aquatic systems, inorganic arsenic can occur in both As 3+ and As 5+ oxidation states. The level of As 3+ to As 5+ depends on the influences of pH, metal sulfide and sulfide ion concentrations, iron concentration, temperature, salinity, and the distribution of the biota in an aquatic ecosystem (Wakao et al., 1988) .
The previous literatures have been clearly reported that the higher concentrations of arsenic was observed in many countries of the world especially in Asian continent (India, Banladesh, China, Chile, Mangolia and Taiwan, Chile, Thailand, Japan), in Europe (Hungery) and some of the places in Mexico, Argentina, America and Canada (Vahter, 1994; Chakraborty et al., 2003; Chaudhuri et al., 2008) . For instance, groundwater arsenic contamination has assumed an alarming proportion in large part of West Bengal, India and more than 6 million people are exposed to arsenic through drinking water which is maximum contamination limit stipulated by World Health Organization (Chaudhuri et al., 2008) and considered as the worst environmental disaster. Hence, it has been earmarked as the most important arsenic calamity in the world (Das et al., 1994) .
According to previous reports, arsenic is a most important environmental toxicant worldwide (ATSDR, 2002; Ratnaike, 2006) . It causes a wide range of pathological conditions and chronic diseases in humans (IARC, 1980 (IARC, , 1987 . The arsenic contamination in drinking water is a major problem in many parts of the world where the people intake of arsenic contaminated water and food, particularly skin, nervous system, gastrointestinal system, various forms of cancer, melanosis, leuco-melanosis, keratosis, hyperkeratosis, dorsum, non petting oedema, gangrene, skin cancer and skin lesions in sole and palm (IARC, 1987; NRC, 1999; Karim, 2000; Bernstam and Nriagu, 2000; Nordstrom, 2002; Jin et al., 2004; ATSDR, 2006; Palaniappan and Vijayasundaram, 2009 ). Allen et al., (2004) reported that toxicity of arsenicals in animals depends on species, sex, age, exposure dose, duration of exposure, organic or inorganic forms, valence state, etc., In freshwater fish, Arsenic can be present in two different oxidation states, as arseno-sugars and arseno-lipids, these two differ in their toxicity which is supposed to be responsible for the pathophysiology of arsenic (Bears et al., 2006) . In addition, the semimetal arsenic at high concentration is lethal to many organisms including fishes and also low concentration produces several diseases under long term exposure (Hughs, 2002) .
Among the various arsenic compounds, arsenic trioxide (As 2 O 3 ) is a trivalent inorganic compound of arsenic and is mostly used in synthesis of various inorganic and organic compounds for many purpose (Lavanya et al., 2011) such as chemotherapeutic agent for the treatment of hematological malignancies (List, 2002) . As 2 O 3 is the dominant almost 50% of the total arsenic level in most of the arsenic contaminated area in India (Chatterjee et al., 1993) . In the aquatic environment, fish appear to be valuable bioindicator of arsenic toxicity as they are continuously exposed to arsenic through gills respiration and intake of arsenic contaminated food get accumulated in various tissues (Gernhofer et al., 2001; Bears et al., 2006; Ghosh et al., 2007) . After entering, it transformed into methylated form, arsenosugars and arsenolipids forms which combinations in fish tissue leads to pathophysiology (Phillips, 1990; Wrobel et al., 2002; Bears et al., 2006) . Basically, fish is a common source of protein, contains greater quantity of protein content than any other living organisms contributing roughly about 75% by weight of the fish. Proteins play a major part in all biological systems with a wide variety of structural and functional roles.
Arsenic compounds show toxicity in many organs of body such as kidney, liver, lung, gastro intestinal tract, gallbladder and respiratory tract (Pedlar et al., 2002; Roy and Bhattacharya, 2005; Vahter, 2004) . Among these, liver and kidneys are vital organs in vertebrates which perform detoxification mechanism, homeostatic functions, protein synthesis and excretion of nitrogenous waste respectively. In deed, analysis of biochemical parameters in aquatic organisms is used to revealing of status of stress, mode of action of toxicants in monitoring of aquatic environment (Vutukuru, 2003) . The ecotoxicological markers such as various peptides and proteins could be very useful tool for rapid and easy assessment of the heavy metal toxicity. Metallothionein (MT) is a ubiquitous metalloprotein found in bacteria, invertebrates and mammals (Kagi and Vallee, 1960; Robinson et al., 1990; Sturzenbaum et al., 1998) . It belongs to a group of intracellular, high molecular and cysteine-rich proteins with molecular weight from 6 to 10 KD and used as a potentially good biomarker of metal contamination in fish (Kagi and Schaffer, 1988; Kizek et al., 2001; Trnkova et al., 2002) . In addition, induction of MTs (metal transporters, and antioxidative proteins) represents a major means of metal detoxification in the body to maintain trace elements, metal homeostasis and body protection from the damage by metal overload (Stillman et al., 1992; Kang, 2006; Krezel and Maret, 2008; Maret, 2008; He and Ma, 2009) . Inorganic As induces MT expression and As 2 O 3 appears to be as potent an MT inducer (Albores et al., 1992) .
Even though the toxicity of arsenic trioxide in aquatic system has enormously documented, reports on freshwater fish are still scarce (Ghosh et al., 2006) . Hence, in the present study we aimed to assess the effects of As 2 O 3 on C. carpio, a commonly inhabits of freshwater bodies. It is widely tolerable to environmental factors and a common food for many people in Asian continent including India and in order to understand the mode of action, stress response, metallothionein expression in liver and kidney.
MATERIAL AND METHODS

Test chemicals:
The analytical grade arsenic trioxide (As 2 O 3 ; CAS No.: 1327-53-3) was purchased from Labo Chemie, Mumbai, India and used without further purification for the experiment.
Test animal and experimental design: Fingerlings of C. carpio (length 8.2 ± 0.4 cm and weight 10.5 ± 1 g) were procured from the Bharath Fish Seed Farm, Budhur, Tamil Nadu, India and brought to the laboratory. They were acclimatized for 25 days in a large cement tank (1000 L capacity) under laboratory conditions before they were exposed to arsenic treatment. During the acclimatization, the fish were fed ad libitum with rice bran and groundnut oil cake and the water was changed daily to discard the excretory wastes and feeding was withheld 24 h before the commencement of the experiment. In the present study tap water free from chlorine was used and the water had the following physico-chemical characteristics (APHA, 1998) ; temperature 26  1C, pH 7  0.2, salinity 0.30  0.1‰, dissolved oxygen 7.0  0.02 mg l -l , total hardness 17  0.5 mg l -l , alkalinity 34.0  5 mg l -l , calcium 4  0.51 mg l -l and magnesium 2  0.2 mg l -l . Before the start of the experiment suitable number of fish was transferred into two glass aquaria which were continuously aerated.
Acute toxicity test: As 2 O 3 stock solution was prepared using distilled water and desired degrees of concentrations were prepared. Based on the progressive big sections with intervals on a logarithmic scale, concentrations were fixed after conducting the range finding test (APHA, 1980) . Feeding of fish was stopped 24 h prior to the commencement of the experiment with a view to avoid any possible change in situ in the toxicity of As 2 O 3 . After the addition of toxicant into the test tank with 5 liters of water 4 fishes, mortality was recorded once in two hours of a day. Fish showing no respiratory movement and response to tactile stimuli were considered as dead and removed immediately. Percent mortality was calculated and the values were transformed in the probit scale. Probit analysis was calculated as per Finney (1942) method. Probit logarithmic transformations of concentration were made. Slope function (S) and Confidential limits (upper and lower) of the regression line Chi-square test were calculated as follows:
Where N is the number of fishes tested whose expected effects between 16% and 84% mortality.
Upper confidence limit = LC 50 X f LC 50 Lower confidence limit = -----------F Based on the acute toxicity test, four sublethal concentrations 5 ppm, 10 ppm, 15 ppm, and 20 ppm for the As 2 O 3 were derived and were used as the experimental concentrations. At the end of the experimental periods such as 2, 4 and 6 days, the fish organs were dissected and kept frozen at -40 C until used.
SDS-PAGE Studies:
The protocol of Laemmli (1970) was followed with minor modification.
RESULTS
Median lethal concentration:
In the present study, the 24, 48, 72, and 96-h LC 16 , 50, and 84 values of As 2 O 3 to C. carpio was estimated and presented in Table. 1.
Gel Electrophoresis: MT expression in liver and kidney
Liver: The metallothionein expression in liver of C. carpio exposed to the metal As 2 O 3 at various concentrations (5 ppm, 15 ppm, and 20 ppm) under different time intervals (48 h, 96 h, and 144 h) was shown in figure 1. During the study period, electrophorogram showed the separation of polypeptides ranging 120 KD-5 KD. Among various polypeptides there were 5 regions in the electrophorogram where the polypeptides were more intensely stained they were the 120 KD, 80 KD, 30 KD (including three polypeptides, within this region), 12 KD, and 5 KD polypeptides. The control electrophorogram was not presented here, but were run to identify the presence of MT when the related samples were compared to control. The lower most and molecular weight of the polypeptide (5 KD) was not observed in the control. Thus, the 5 KD polypeptide was known to be MT which was specifically expressed in the liver samples when the fishes were treated with the arsenic metal. In present observation, except a few lanes not much significant variation was observed among various concentrations of metal treatments as well as different days.
Kidney:
The expression of MT activity in kidney of common carp exposed to different concentrations (5 ppm, 15 ppm, and 20 ppm) of arsenic at various time intervals (48 h, 96 h, and 144 h) and their SDS-PAGE was presented in figure 2 . The results showed the separation of various polypeptides ranging 200 KD-6 KD. There were 4 major regions in the gel where the polypeptides were much more intensely started. They were classified as 200 KD (only one major fraction of polypeptide), 80 KD polypeptide (three fractions were deserved), 30 KD polypeptides (only two polypeptides fractions were deserved) and a 6 KD polypeptide. In addition to this major polypeptide, numerous minor polypeptides were found in the electrophoresis gel (Fig. 2) . As there was constant in the gel lanes for loading control, it was not shown along with the treated lanes, the comparison of protein profiles among control and various treatments showed expression at a 6 KD polypeptide in variably in all the treatments which was absent in the control. Thus it was presumed that this 6 KD polypeptide as the MT . Like the liver electrophorogram, the kidney also showed not much significant variations among various concentrations of metal treatments and different time intervals. 
DISCUSSION
Aquatic toxicity tests are used to evaluate the potential toxicological effects of environmental contaminants on aquatic biota (Rand and Petrocelli, 1985) . It is necessary to study the presence of waterborne heavy metals on tolerance of the most sensitive bio-indicators of aquatic pollution, particularly fish (Gautam and Lall, 1989) . In the present investigation, toxicity tests were conducted to evaluate the adverse effects of the heavy metal As 2 O 3 , on the freshwater fish C. carpio under standardized, reproducible conditions. Previous studies clearly shows that the acute exposure resulted in instantaneous death of fish because of As induced increases in mucus production, causing suffocation, or direct detrimental effects on gill epithelium. Similar behavioral activities were observed in the present study.
Most of the data on arsenic toxicity in fish are based on acute toxicity tests over 96 h. Some studies have also examined sublethal effects on growth, avoidance behavior, and fertilization/hatching. According to these, there are many reports available on arsenic toxicity to freshwater fish. For instance, Lima et al. (1984) ) (Kavitha et al., 2010) . In the present study, the 24, 46, 72, and 96 h LC 50 value of As 2 O 3 to the fish C. carpio was found to be 25.2, 27.4, 29.5, and 32.0 mg l -l respectively and LC 16 and LC 84 values were also observed (Table 1 ). In this study, an increase in exposure period was found drastically increased of LC 50 values with increased level of concentrations of As 2 O 3 . Our results indicate that the observed LC 50 value may be due to the sensitivity of the fish and purity of the compounds.
In the previous reports, the LC 50 values of arsenate to the fish Carassius carrassius auratus and Oryzias latipes were found to be 10.00 and 30.3 mg l -1 , respectively (Maeda et al., 1990; Suhendrayatna et al., 2002) . On the other hand, arsenite was found to be 14.9 mg l -1 in Apelts quadricus and 16.0 mg l -1 in Menidia menidia (EPA, 1980) ; 15 mg l -1 in O. latipes (Suhendrayatna et al., 2002) ; 21.0 mg l -1 in Oncorhynchus mykiss (Wang et al., 2004) ; 8.4 mg l -1 in C. batrachus (Ghosh et al., 2006) and 18.211 mg l -1 in Anabas testudineus (Akter et al., 2008) . Further, 24 h LC 50 of arsenic trioxide to the fish larvae was found be 5 mg l -1 (Applegate et al., 1957) and 48 h 76 mg l -1 in Channa punctatus (Roy and Bhattacharya, 2005) , 8.4 mg l -1 in Clarias batrachus (Ghosh et al., 2006) and 84 mg l -l in C. batrachus . Likewise the 96 h LC 50 of sodium arsenate was 20.41 mg l -1 to Indian major carp C. catla (Kavitha et al., 2010) and arsenic trioxide to spine stickleback Apelts quadricus (14.9 mg l ) (Lavanya et al., 2011) were also observed in the previous studies. These reports clearly show that the toxicity of arsenicals is varying from one species to another and even in strains of the same species. Proteins are one of the most important and complete group of biological materials comprising of the nitrogenous constituents of the body and performing different biological functions. Metallothioneins (MTs) are a group of cytoplasmic proteins involved in metal regulation (Roesijadi, 1992) . They belong to a class of low-molecularweight cysteine-rich metal-binding proteins found in a large number of prokaryotes and eukaryotes (Kagi and Kojima 1987) . It is a small protein easily induced by heavy metals, hormones, and a variety of chemicals even at acute stress (Kagi 1993) . In fish, MTs have been found in high concentrations in most of the vital organs such as liver, kidney, gill, and intestine (Roesijadi, 1992) . In the present investigation, toxicity tests were conducted to evaluate adverse effects As 2 O 3 on MT expressions using Sodium dodecyl sulphate-Polyacrylamide gel electrophoresis (SDS-PAGE) technique. The native and SDS-PAGE has been used as a valuable technique in the identification of the specific protein.
The SDS-Page study revealed that the qualitative estimation of protein in fish. In the protein profile of the native PAGE, the control sample showed so many protein bands but the treated samples some protein bands were disappeared. Interestingly, low molecular proteins did not appear in the control sample but the treated sample showed low molecular proteins due to the induction of As 2 O 3 . In SDS-PAGE, the control sample did not showed any low molecular protein but the treated sample showed significantly increased concentration of the low molecular protein bands. It was also due to As 2 O 3 stimulated synthesis of MT . So the above result clearly showed that the MT involved detoxification of As 2 O 3 toxicity. MT induction has been proposed as one of the adaptive mechanisms for tolerance and a defense mechanism that protects the cell from the reactive intermediates to arsenic toxicity (Cherian, 1995) .
Liver appeared to be the most sensitive organ for increased MT synthesis following exposure to a number of metals . In goldfish (C. auratus) it has been proposed that hepatic MT protects the animal from metal xenobiotics by detoxication (Suzuki et al., 1987; Carpene et al., 1987) . Such a way, the previous reports shows the induction of MT level in different organisms. For example, Huska et al. (2008) observed the increased MT content in cadmium exposure to Earthworm (Eisenia fetida) and significant induction of MT in the fish Seriola dumerilli (Jebali et al., 2006) . Further, metals such as Hg and Cd those are also able to induce MT synthesis in both mammalian and piscine tissues (Sarkar 1997; Das et al., 1998; Roy 2003) . Arsenicals are also effectively induced MT activity in mice (Kreppel et al., 1993a) ; rats (Albores et al., 1992) and fish (Roy and Bhattacharya, 2005) . MT has been found at a very high concentration in the liver of mature animals after metal exposure (Chatterjee and Bhattacharya 1986 ). Kagi and Schaffer (1988) suggested that this property is due to its high cysteine content, which act as neutralizing nucleophilic equivalents. The most striking feature of MT is that it not only binds with heavy metals, but its synthesis is also induced by Hg, Cd, Zn, and As (Agarwal and Bhattacharya 1990; Mukhopadhyay et al., 1994; Kuroshima 1995; Das et al., 1998) . In this regard, Lee et al. (1992) found that the induction of MT genes and MT-like proteins in channel catfish liver followed by Cd and Zn exposure. Our results showed similar findings as in the previous reports. In the present study, the expression of MT was enhanced highly in the form of induced protein synthesis by As 2 O 3 . The level of liver As content among fish with maximal MT expression was similar to that of fish which similar to the previous literature on different forms of arsenicals. For example, Cd exposure induces MT in several tissues including liver and kidneys as shown in animals as well as in humans (Nordberg and Nordberg, 2000) .
Similarly, Cui and Okayasu (2008) reported that the mRNA expression of MT-1 was enhanced by arsenic exposure in liver and it was decreased in kidney of rat even though there was no linear dose response and this result supports previous finding that arsenic exposure induces many stress proteins (Liu et al., 2001) . The effect of As exposure on MT induction in kidney has not been measured more in freshwater fish. The results of the current study showed a significant induction of renal MT in response to dietary As exposure. A similar response was observed in the earlier studies on mammals (Albores et al., 1992) . The MT induction may have occurred through activation of various antioxidant response elements located in the 5 promoting region of the MT gene, or alternatively, through the release of an unknown endogenous factors at an extra hepatic site (Schlenk et al., 1997) .
CONCLUSION
The results of the present investigation indicate that As 2 O 3 exposure during the acute treatments induced significant changes in the MT expression of common carp C. carpio. The presence of such levels of As 2 O 3 in the natural environment will definitely affect the survival of fish and cause impacts to the human health. The results also imply a better understanding on the toxicological effects of this specific toxicant for ascertaining safe levels in the aquatic environment to protect the aquatic habitants. This parameter can be used as potential biomarker of arsenic toxicity to the freshwater fish in the field of environmental biomonitoring.
